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Population Issues

  • Diet, Age, Gender,
Medication, etc.

Sample Acquisition

  • Tubes, Storage, etc.

Experimental Design

  • Replicates

  • Run Order

  • Normal Error?
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One Consequence of
Poor Experimental Design

• Bad mass spectrometry
• Unsound / poorly executed

mathematical analysis
• Over-interpretation of results
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Analytical Approach

   • Single band or shotgun

Digestion conditions

   • Enzyme

   • Time

Columns

   • Solid phase

   • Gradient & solvent

Source conditions
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RT: 0.00 - 183.99

0 20 40 60 80 100 120 140 160 180

Time (min)

0

5

10

15

20

25

30

35

40

45

50

55

R
e
la

ti
v
e
 A

b
u
n
d
a
n
c
e

NL:
2.85E7

Base Peak  MS 
Broad_Orbi2_stu
dy6b_W080321_
6QC2_yeast_ft8
_pc_02

Chromatograph
(yeast lysate)

Retention Time/min

“base peak”
chromatogram

R
el

at
iv

e 
In

te
ns

ity

Slide courtesy S. Stein, NIST



FCRC
February 24, 2009

RT: 0.00 - 183.99
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Shotgun Proteomics

• Digest proteins to peptides
• Separate peptides (Cation * C-18 LC)
• Identify peptides (from CID fragments)
• Infer proteins

• Hundreds of IDed peptides
– bad news: differ run-to-run
– good news: great for QA/QC!

Slide courtesy S. Stein, NIST
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7 Labs, yeast, simple SOP
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Unique Peptide Sequences
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Characterizing the Variability

A new suite of programs can be used
to look at the varibility in LC MS/MS

data:

NISTMSQC1

Contact

Paul Rudnick or Steve Stein

At NIST

An attempt to standardize ESI
conditions is being made with
the use of ‘Thermometer Ions’
by John Peltier and colleagues:

Defining Instrument Performance and
Assessing the Reproducibility of Mass
Spectrometric Analyses of Complex

Samples - TPM 371
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Search Engine

   • “Significance”

   • FP rate

Data Base version

Coverage

PTMs

REPLICATES
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Sample Preparation for MS/MS Analysis

Dissolve sample in 0.1% SDS/0.1 M AmHCO3
Reduce & alkylate Cys with iodoacetamide

Bring up in SDS/PAGE sample buffer, 
separate on gel, and stain.  

Cut out bands & digest with trypsin O/N.

Extract peptides.

188 kDa

 98 kDa

 49 kDa
 62 kDa

 38 kDa

 28 kDa

17 kDa
14 kDa

  6 kDa

  3 kDa

Sample
Lane

Approach for Analysis of ABRF Sample

MS/MS Analysis

LC/MS/MS
(Ion-trap)

Off-line cap. RP HPLC

MALDI MS/MS
(TOF-TOF) MW

Markers
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Summary of Protein Identification Results
SMSM, NICHD

• Number of Proteins “Identified”
– 36 from sample (73% of 49 proteins in sample)
– 4 contaminants
– 0 Incorrect (false positive)

• > 4 peptides/protein found for 34/36 proteins
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Where does this take us?

Perhaps -
We need to recognize that mass spectrometers need

to be used to collect mass spectra -

and NOT simply to generate
“Identifications”
“Biomarkers”

etc.

Mass
Spectrometer

Mass
Spectrometer
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Why Worry About These Issues?
In generating complex spectra from

different sources -
how do you tell if they are similar or
different?

• How does one go about comparing
different complex spectra? (Other
than by holding them up to a
window?)

• How does one identify the most
reproducible features of spectra
when multiple (discordant)
replicates are available?

• We need an automated and robust
method to compare replicates
and differentiate spectra from a
various sources.
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General Method for Applications

• Produce multiple replicates of a MALDI spectrum
• Generate a Consensus Spectrum from the overall

mean
• Use the Dot Product and its Confidence Interval to

eliminate poor replicates

• Compare Consensus Spectra from different samples
and assess similarity using the DP and CI.
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What IS the Dot Product?

- In Euclidian space, the dot
product of 2 vectors is given
by:

     A . B = |A||B|cos θ

     where θ is the angle between
the vectors.

-   Since the cosine of 0 = 1,  the
closer 2 vectors are to being
parallel or overlapping, the
closer their dot product is to 1.

When the normalized vectors areWhen the normalized vectors are
mean centeredmean centered

the dot productthe dot product  IS IDENTICAL TOIS IDENTICAL TO

  PearsonPearson’’s Correlation Coefficients Correlation Coefficient
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Mean Centering

 

A AC

B BC
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Typical Reflector Spectrum
of

Rat Brain Tubulin
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Mean Centering

 

A AC

B BC

DP(AB) = 0.46 DP (ACBC) = 0.19
95% CI = (-0.46 to 0.71)
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Tubulin Post-translational Modifications
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Why Study Tubulins?
What Are They?

Tubulins are ~50 kDa proteins
that polymerize into microtubules
and are involved with:

-Intracellular transport

-Ciliary function

- Mitosis
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Determination of C-termini
• CNBr cleavage (cuts on C-term of Met)

•  Negative ion reflector spectra were obtained using an ABI 4800
TOF-TOF

•  Each sample was spotted in triplicate and 10 replicate spectra,
1000 shots each, were obtained from each spot.

• All spectra were calibrated externally using ChET
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Nature of the Problem - Example 1
Replicate Spectra from Rat Brain Tubulin

All intensities normalized

Other 24 replicates very similar to these
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Nature of the Problem - Example 1
Replicate Spectra from Bovine Testicular Tubulin

All intensities normalized

- Only 5 replicates correlated with the consensus spectrum
- Generating Consensus from only the 5 correlating spectra
allowed for increased # peaks in the consensus, and much
tighter confidence intervals between replicates and consensus
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?

Rat Brain Bovine Brain

BovineTesticle

? ?

Nature of the Problem - Example 2
Replicate Spectra of Tubulins from Different Sources -

Similar or Different?
All intensities normalized
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Nature of the Problem - Example 2
Replicate Spectra of Tubulins from Different Sources -

Similar or Different?

.187 (-.465-.708)BTT

.230 (-.368-.693).645 (.460-.776)RBT

BTTBBT

BBT - Bovine Brain
BTT - Bovine Testicle
RBT - Rat Brain
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Precursor Fragmentation
for

de Novo Sequencing
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Replicate Fragmentation Spectra
m/z 1570 - GluFib Peptide
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De Novo Sequencing of m/z 1570 Peptide
Generating the Consensus Spectrum

0.72 - 0.960.89GluFib replicate 6

0.57 - 0.950.85GluFib replicate 5

0.70 - 0.960.88GluFib replcate 4

0.42 - 0.940.79GluFib replicate 3

0.69 - 0.960.88GluFib replicate 2

-0.11 - 0.770.43GluFib replicate 1

CI vs
Consensus

DP vs
ConsensusSpectrum
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94.0E(GNV)DNEEGFFSARGluFib Consensus

0---GluFib replicate 5
87.8E(GNV)DNEEGFFSARGluFib replicate 4
20.8QTSF(MY)E(FG)FAGWGluFib replicate 3

81.1[(DX)|(EV)]GNDNEEG[(MY)|(FF)SARGluFib replicate 1
0---GluFib replicate 2

86.3EN(GV)DNEEGFFSARGluFib replicate 6

%TICSequence: EGVNDNEEGFFSARSpectrum

Evaluating Mass Spectral Similarity and Reproducibility:
Does this work?

De Novo Sequencing
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Four BSA Peptides
Consensus Sequencing de Novo

KVPKVST(PT)XVEVSR
82%

No hits
(1/6 Reps)

KVPKVST(PT)XVEVSR
77%

(1/6 Reps)

KVPKVST(PT)XVEVSR
77%

(3/6 Reps)

KVPQVSTPTLVEVSR
(m/z 1639)

DAFXGSFXYEYSR
80%

DAFXGSFXYEYSR
82%

(3/6 Reps)

DAFXGSFXYE(HX)R
77%

(1/6 reps correct)

D(AF)XGSFXYEYSR
76%

(4/6 Reps)

DAFLGSFLYEYSR
(m/z 1567)

XGEYGFKNAXXVR
84%

(GX)EYGFKNAXXVR
82%

(1/6 Reps)

XGEYGFKNAXXVR
82%

(4/6 Reps)

XGEYGFKNAXXVR
85%

(2/6 Reps)

LGEYGFQNALIVR
(m/z 1479)

YXYEXAR
64%

YXYEXAR
61%

(6/6 Reps)

YXYEXAR
57%

(6/6 Reps)

YXYEXAR
62%

(5/6 Reps)

YLYEIAR
(m/z 927)

18 RepsWell 3Well 2Well 1Peptide
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Can We Extend This Concept
To Be More

Generally Useful?
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QT Clustering

• A “greedy” algorithm from genomics designed to form clusters
of genes with each cluster having a minimum level of quality

• Algorithm looks through a list of genes and finds those with the
greatest similarity to some initial choice, and keeps hunting until
no further matches within the quality threshold can be found.

• Process continues for all genes to form a set of candidate
clusters.

• The best cluster, with at least the minimum number of pre-selected
components is chosen and its components removed from the list
and the process begins again.

• The process continues until all possible clusters are formed.
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QT Clustering Applied to Linear MALDI
Spectra
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Results of QT Clustering
2502.816 3,3,3,4,3,3,3,3
2513.131 7,5,4,7,4,4,6,5,6,6,4,6,4,7,6,4,6,7,7,3,4
2521.893 3,3,3,3
2529.892 19,21,19,19,19,9,15,19,20,17,18,16,15,17,17,13,15,15,15,16,16,13
2540.277 10,10,10,10,10,13,9,10,6,10,10,9,9,11,8,10,9,9,7,8,8
2569.046 18,18,13,16,18,19,20,18,15,12,19,15,17,15,16,14,14,13,17,14,13,8
2585.349 5,5,6
2586.403 4,5,4,4,4,6,6,6,5,3,4,6,3,8
2604.466 150,70,137,120,112,97,97,90,98,95,141,91,108,103,137,131,83,110,106,124,92,117
2621.487 7,8,8,10,11,10,6,7,7,9,4,9,9,6,7,6,6,6,6
2622.037 7,6,6
2634.802 6,10,6,8,7,8,12,7,7,9,6,6,8,13,14
2635.880 16,14,15,13,14,13,14
2641.270 5,4,4,4,4,3,4,6,5
2658.596 4,4,3,3
2659.226 4,4,4,4,3,4,3,4,4,4

L10-Gel 1_1 0.914 94 0.874 0.942
L10-Gel 1_10 0.924 75 0.882 0.951
L10-Gel 1_11 0.914 94 0.873 0.942
L10-Gel 1_2 0.958 100 0.938 0.971
L10-Gel 1_3 0.952 96 0.929 0.968
L10-Gel 1_4 0.955 95 0.933 0.970
L10-Gel 1_5 0.957 99 0.936 0.971
L10-Gel 1_6 0.959 98 0.940 0.972
L10-Gel 1_7 0.957 98 0.936 0.971
L10-Gel 1_8 0.948 91 0.922 0.965
L10-Gel 1_9 0.942 86 0.913 0.962
L11-Gel 1_1 0.915 94 0.874 0.943
L11-Gel 1_10 0.957 95 0.936 0.971
L11-Gel 1_11 0.894 90 0.843 0.929
L11-Gel 1_2 0.923 98 0.887 0.948
L11-Gel 1_3 0.911 90 0.868 0.941
L11-Gel 1_4 0.939 84 0.908 0.960
L11-Gel 1_5 0.956 101 0.935 0.970
L11-Gel 1_6 0.955 96 0.933 0.970
L11-Gel 1_7 0.961 102 0.942 0.973
L11-Gel 1_8 0.954 96 0.932 0.969
L11-Gel 1_9 0.950 92 0.926 0.967
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Allowing Us to See
 High Levels of Glutamylation

3537.63 0.73 0.29 RBT a4 cterm + 7E
3538.260 0.29
3551.63 0.66 0.19 RBT b2 1 MC glob 268 - 299
3552.356 0.17
3568.633 0.28
3598.231 1.95
3609.07 -0.43 2.93 b4a cterm + 1E
3609.95 0.46 2.34 b4a cterm + 1E
3625.39 0.01 0.33 RBT b5 cterm + 2E
3651.841 0.14
3652.665 0.12
3666.08 0.14 0.14 RBT a4 cterm + 8E
3667.449 0.12
3698.781 0.11
3727.06 -0.21 4.21 RBT b5 glob 331 - 363, b4a glob 331 - 363, RBT b2 glob 331 - 363
3730.27 0.13 6.58 RBT K-a1 cterm - Y + 8E
3738.69 0.15 1.52 b4a cterm + 2E
3791.753 0.14
3793.446 0.12
3856.311 2.30
3859.14 -0.05 3.85 RBT K-a1 cterm - Y + 9E
3868.44 0.86 0.72 b4a cterm + 3E
3968.376 0.12
3985.746 0.68
3987.95 -0.28 1.32 RBT K-a1 cterm - Y + 10E
3996.78 0.15 0.21 b4a cterm + 4E
4116.243 0.24
4117.24 -0.04 0.19 RBT K-a1 cterm - Y + 11E
4119.236 0.75
4119.792 0.47
4123.702 0.30
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Summary

• A Consensus Spectrum from complex spectra
– Allows one to account for variance
– Permits comparison of spectra from different sources

• Use of the Dot Product
– Allows use of Pearson’s Correlation Coeff

(For Normalized, Mean Centered Spectra)

• The combination can be used in MS and MS/MS
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Future Directions

If we look at the “quality”
of hits in a DB search of

LC-MS/MS spectra (.dta files) -

Will the quality improve by
using consensus spectra

vs
the each of the replicates?
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